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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a manufacturing 
method of a light-emitting device for accurately and 
efficiently cutting a wafer having a laminated structure, and 
to provide a light emitting diode and a semiconductor laser 
element 

SOLUTION: The method is characterized by comprising ^ t I ^ 

procures such that a second groove 27 that reaches the it> ) V~^f72§f ^ V 
substrate 1 from the p-type semiconductor layer 17b is 1?^^" ^ ^ /J'^-'^j' i ^' 
formed along a line 5 cut for cutting the wafer 2 in a chip 
shape in a wafer 2 where a p-type semiconductor layer 1 7a 

made of a Ill-V-group compound semiconductor and an n- -j— 

type semiconductor layer 17b are laminated on the surface 3 J? 4— 

of a substrate 1; a condensing point P is focused on the 
inside of the substrate 1 facing the second groove 27 for 
being irradiated with a laser beam L; a modified region 7 
formed by multiphoton absorption is formed inside the 
substrate 1; a cut-off origin region is formed inside the 
substrate 1 at a specific distance fr-om the incident surface 
of the laser beam L by the modified region 7; and the wafer 2 
is cut along the cut-off origin region. 
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C#fFW*<0i6H] 

Suffix 2 ^mS^IMifta*^ &tuE«®lJ:S-r5Si:. 

i^€9^>tfp^oTg^-y y^t^^f-rsc tic J; 

cay^m,\cii^x. w^m.<o\y-^mMmis>^ 
m&mm>mmmixrz.mmMmit\cii':>xmm 

[0001] so 



[00023 

-(y (AI2O3) l|*^t,*Sa«±fcGaNll©III- 

[0.0 0 3] sfc. tj^3i5<};!9. ^.(ommmmiM^^^ 

F:Jff ~»^•ffi■^^V■Vt>'F 
[0 0 0 4] yv-Y^-^'y-yn^H^i. ^V-VtvF 

K^'i' V h^y-;Hc J: t) ^?x/NOg®fcx^7-i' y^^-r 
v^igit. c<DXi'^-i'::/-7i'>icfS5j;d'i7x/N©K 

[0 0 0 5 ] M^ff . #fF3S:K 1 WSmm-XM.! 
c (D J; 3 *:71/- F:5?V S/^'^'ffii: V FX ^ 

[0006] 

[#¥FS:M 1 ] #§^^2 7 8 0 6 1 8^fi:^ffi 

[#K=S:M2] 1fil2 0 0 1 - 1 5 6 3 3 ZWjim 
[000 7] 

[^BJ*^^j*LJ;'5fc'r5^M] L7b-L^i:*^e.s 

F 5/ v^j'S t ^J^-r -Y^ y FX ^ 1- t 

TS^II ©S!a©iiSV^aS^* t T 1,^ S x/ 

\>x/^©ffiB^i:X1^^^'7^'r>*aS:{t^ 
7^-F^^i'Vyfefc^V-Yt>FX^^^-i'7 

F^jv-»'ys©^i%ffli,^fc«^tii. wmm^^wSi. 
n-mmt-^msn^-xrsmwtwf^ 1 1 1 fcs 7w f 
(oMWfm. <.woy\y- F^«mfc3^1-s^e:^M^b^^ 

So 

[0 0 0 8] ^CT\ ^mmt. <l©J;^=g:»1tt^^ 

aflWjt^r^-r s ^ xM*»ffls*^oa«<k < ^»fr 5 

[0009] 
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1 1 1 1 - V mit-am^mm- m^mtmM ^ ti 

So 

[0 0 10] (i<D^^«?©«3i^afcJ;nfJ. S-f. 
•i7x/N{c4i^ftii*^?.S«Kfciit-s»^jgfi!4-r 5 c h t 

y t» ^ fc^^SajtM^;&jgfiE1- s ci . 
[00 11] cc-Q. BS©«ffili:WI$tifc^»#l 

[0 0 12] ±iEbfc*?gB^fc^^§fg7t^?OS^il^ffi 

^m(om\^^t>^xm&s.<mmt^ctffx^^. 

[0 0 13] ±xRbfc*^H^fc'SS5l7fe«?©« 
[0 0 1 4] Sfc. ±iEbfc*^t^S^*?©S 

mmT?,ctm±T^^. so 



[0 0 15] Sfc. ±KELfc*^B^£11S%)^«^©S 

[0 0 1 6] Sfc. *^Wli:«5^3fe^*''1':i— Fa^ M 

T. ^2»itlJ^ti#ttjl*^c,sei:]^-r5St^ iStlSl 

■intz.m^mmmh\cii^xym-&ixx:\<^^^t-^m 

[001 7] C©fi)t^V;a— Kfcd;ntt\ ■>x>'nIC^ 
2»mS*^ftM^)^6SSfcm^5?itj;^T. mi» 

[0 0 1 8] Sfc. *^B^{c115¥»ftl/-1f^^{4. 

mt. mici^tsmmopimcm^^'^i^'itxu-^' 
^if^m-^nx^m^mcii^^mmm^^tu 
c<D^^micj:^x. mR(o]y~^mMm->^m& 
m^nmim^^ ntc^mmmmt ic j: ^ xmm-^n 

[0 0 19] »f^?fcj:n{f^ 'i'x/Nfc 

^2»«sifim^A^^sffita-r5Sfc<fcoT. mi 

BA^ffitt/ltj^^^nSo tLX. >i'x>'N©KS©rtg|5 
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[0020] 

[00 2 1] #8©KlKO^r^F4^i'-;;yEcJ;f9fc3t io 
<'r5tn h v>Ec(D^# (n = 2. 3. 4, •• 

X 1 0" (W/cmO SJL±(Om^ 

[00 22] niDi^o rji^m^mmwrnt^S, b— ifito 

1 b-1f toXftJOa^ 1 0¥ffiiaT$ t) . 0 2 {3:0 1 
tc^-r»«l ©II-im{j:»-3fc:«0T'«ti. 03a 

'rssioiv-ivs{c?&-3;rc»fffi0-e$t). 05t±03 
[0 0 2 3 ] 0 1 Rxfm 2 Ks^x-r <}; a ic. mw. i tcti. 

5fcbTfeJ:V\ *Sia0gffi-eii. ^51&?!RW^CS 

[0 0 2 4] U-^^L^mm^^^y5KY^-:>X 

mwi'^^m^-cysicr^-oxmrn i ©rtspt^^j^^s 

■rs t DS« l ^^S-&Te5cKffi«7 ^Jgfig-T 



5, J;^T. a^glcD«ffi3•??^i^-1f)feL^^)^a^^^ 
KiRsnft v^©T\ as 1 (omm 3 jb^j^nit- 5 c t 
• 

[0 0 2 5 ] ss? 1 <o^a»ffi:fev^T> «j»frs®mfce 

ioTs SSlO«ffi3tg^-yt!>'^'^H©;i^ig.g 

[0 0 2 6] rj:^. mm^mt^^mj^t Lrcmm.om 

micli. i^<D2fit)A'i#x.t,nSo lOtt. «l|fg;igt| 

^^(o^isimmmicm-oxmmi^mfmtj'p^fu^fs, 

mmi^^-rzctK^^. mismmm^mj^tLx 
asoBfffl:^iRi (P*:^riRi) iJ:iqi>b^oTSMictijn> 
^micmRimmnz^x'^So ctia. 

^(Dx\ mwimmx<T^ctti^x^^, fi^. >>x 

/^oa«*H^^)a«®ff^^i»< *5«fRFfc^S©T\ 

[0 0 2 7] ST. **!ffii^Mtc«5VT^^Jfc?«RiRk:A 
DJgfigSn5?ScHffiiitLTt±. (1) ~ (3) A' 

a&s, 

[0 0 2 8] CD 3jS«igEjS5loXtt5«S!c©i'7-y^ 
)Ki[*-&t)*T. A)^fcfeftS^^^«jbM X 1 08 

??SiR^^cs-ii-ooafi'D«BtMt*^fV-e^^-^ 

f^T-S^o cnicj; 13. affi®rtgi5ta^)fe?®lRK j; 

tLTtt. Mx.{f 1 X 1 0« (W/cm^) T'^So 
;l/XiSl±^J^{f lns~200ns jb^if $ Lt/\ 
[0 0 2 9] W^^SJi^^'yi'©;^:^? 
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a&So ■ ■ . 

(A) as : i'X (.m^m (ms 7 

0 d urn) 

(B) b-if 

m ■■ mii^u-^mmn d : y a g u-^ 

IS^S: 1 064nni 

l^1f7fcX:d?-y hWfffiSr : 3. 1 4 X 1 0-8 c m2 

m^'ML^mL: 1 00 kHz 
/^;1/Xipl :30ns 
ffl*:a*<lmJ//^;l/X 
U—ifTtp^®: TEMoo 

mm^ ■■ mmm^ 

(C) *)fcffll/>X 

(D) muifwm-^ti^mm^'D&mms. ■ i o omm 

[0 0 3 0] ^fefe. b— tfJtep^KA'iT EMoo ia. 

[00 3 1] 07a±fa*®^<D«am*^t-^*^7-ej& 

So *8f«ii± 1 ^^;i/XcDl^if5tfcJ; tJS^oi^gptjgfig 

^ff^mT^-rx-^ftt^jfcfflbvx (c) 

1 0 0^. MPIgc (N A) *^0. 8 0(Dii-&T-^5. - 

^^77ft»©eA-e^-rx-:5f«*JKfflb>X (C) 

©e^;b'5 0{g. fmm. (NA) A^O. 5 SCDil^T'^S 
So lf-i'Ay-?ga;6'!l 0" (W/cm2) gS*^t, 

^fi*^;^^ < «:S{C»^^5 -y ^Xj}?-y h < 

[0 0 3 2] ±f2brcl^1fiDI*S{C:Jot,'>T. 
^' ^ -y i^m^Bmc J; sas<73«»f©^ A:^Xi^{i:oi/-> 

»oTrtgi5fci'^'y^^ffiig?9*JB^fSo ^J'^-y^'ffiJgS 
9{iioXt±a^©^'^-yi'^?yffiJg|-e*So c©^ 

^-y^mmsx'k^xmmmmmmmtti^.m 

\c^Ti:'jlci7^yi7mi9:^m^tLX (ffttj^. 
^^^^ffi^^gjSfcLT) ^'^•y^'Tb^^^fc^SL. 
01 0t^-r<fc5lci'^>yi'*«filoaffi3 t«ffi2 

1 t-aaL. 0 1 1 tc^-r <t ^ ta^K i *^»ms c t 



[0 0 3 3] (2) ^mmm^'mmmmm(DM¥ ' 

08 (W/cm2) «±-I?fi-P^^;l/XitS*M /^sttT<^)^ 

So *fc. mmmrnhm-^w^im^^ t^-mm^. 

{f 1 X 1 o'2 (w/cm2) TSSo A;i/XitaWJ^{? 

1 n s~2 0 0 n s Sfc. S/'JaMcRi^ 
[0 0 3 4] nVizji/NCDrtaST'jt^ 

*fttt^*t©at)T$So 

(A) as : ->y 3>^7iy\ (^5 3 5 0 ^inis ^1^g4 

(B) U-^ 

ytm ■■ m»u~^mmn d : y a g ^-if 

iE^S : 1 0 6 4 n m 

b-if')tXsi^-y hWmm : 3. 14X1 0-» cm^ 
%SJgS8: QX^>yf=-/-^;l/X 

m^MLmmwi.: i oo rhz 

>'^;VX*S : 3 0 n s 
ffl;^ : 2 0 ft J //^^I'X 
WlfJKSM: TEMoo 

(c) mmi^>x 

: 5 0^ 
N. A. : 0. 5 5 

(D) a»'«M*nSia^©^»ajSP : l OOmm 
[0 0 3 5] 01 2a. ±f3*ff-??Ob-1fi)nXt<};t) 

M«l 3j&^}g^*nT(/^S„ ±IB*fffc<};t)Jg^ 

^tifcjtinffiasgi^i 3(om^:^m±^-^i±i ooy. 

mSSTSSo 



[0 0 3 6] mmxmmmi sif^m^mm^iiDm^ 
5„ tcnu 5/';3vaffi©«ffiffl!it«ffli!i^n€n© 

y3VBffi<D»St*^5 0/tm, lOO/tm. 2 0 0 ;t 
m. 500;nn, lOOO/i in©#'^f<:Ol'>T±EM« 

[00 37] M^fJ. N d : Y A G 9-*<7D^S;ST-$S 
1 0 6 4 nmlc4ot/^T. S/U nvaKCP^A'S 0 0 p. 

x/N 1 1 om-^ii 3 5 0 /i m%©T\ ^7fe?®lKfc<i;5 

Sfcx «ffijEp5 1 7 5 fimOSPiJ-tJg^^nSo 
-^OSBi^tt, Jf S 2 0 0 /I nKDS/i; 3 V^x/N^^ 
t-rsi:^ 9 0%JM±«:OT. U-lfJtjb^S/y 3>'>x 

^mi 3*^^^®iKfcj;t)j^^$nfcci:;&««-r 

[0 0 3 8] ^Sfe. s/yav>>a:./Na. 

5o v'yny^/x/NCDSffitaffiiciiM-rsciDtiintt 

5„ fcfcL. ^•5?.©it^t.}gl!!5!i^i^{iS'y3:/'> 
x7N©rtgi5©^)itcjg^sn. fJBr^o^BrEBfclis 01 

-rat. tJifit. ^»fe^^«^^V7b>e,^^ti;rc^ig.g 

[0 0 3 9]""' (3j'^mmmmifxmm\:mmm^ 

T. X 1 0» (W/cm^) 



thru, m^iiix 1 0« (W/cm^) T'^So 

1 n s «T3bW$ L < . 1 p s «TA^? 

[0 0 4 0] JK±. ^m^mo: ^)mm-^ti^^m.m 
mthx (.1) ~ (3) om-^^mmLtctiK smom 

10 *^Rligln*5o 

[00 4 1] -r^tJ^. >'y3V^H©:5fV-\'t>F:S 

iic>mrB^fi#ftA^?.*5a«©«^a. (1 1 1) ffi 
(.mimrm) ^ (i i o) m c^zmiM) icfp^^fc 

^«:5SScO«^tt. (1 1 0) ffifc?»o;fc7?l^{£:^!]Wf 
0 0 1) ffi (CS) *±MfcLT (1 1 2 0) ffi (A 

20 ffi) lei/Hi (11 0 0) s (MS) uim-orc:&mKmm 

[0 0 4 2] ±mvt!immmjmmmjs.T-<^ 
73iBi wmis #«sss/y3i^afifcte(5-s (i i o 
ffitcr„^-p;fc^i^) . ^\^^iiwmmjfimmmi^t-<^yj 
mcm.^t^y3mt.m-oxmMic:tv:y^yy'~iy3 yy 

[0 0 4 3] ±T&Lfcu-^jmxmi\cmm-^t\ 
30 ^u-^inxmrnic-^^^r. mi ^^^^mhxmmt 
5o 01 Aiiu-^axmmi 0 0 (Dimmmx^ 
s. 

[0 0 4 4] wi«Di««i oo(±. u-'^ytL^m 

mm^mm^rctbicu-^ymi o i ^mmt^ v~ 
^mmmm o 2 \y~^%L<f^mmwK^\.fs^ 

•Pl^1f)tLC»i3ft©lRl€^9 0° S^Scfc^fciaB^ 
nfc^-ri'a^'-y^'5^-l OSfc. 5^"^;^a^<yi^ = 

^-103 T?s*f «in/fc u— tf )t L ^mm-^mfm u 
40 >xi 0 5 fc. mjtffli^vxi osxm^-^nrcu—^ 
ytLioWM-^ti^m^ 1 ?b^«Bsn5«5M^ 1 0 7 

««^l OTMfc^l^tCfKf^SfefeOXttXx- 

$/'l'o 9 t7««^i 0 7;&xtt^iifcit^'r5'Ylft:^ 

(RllC@»?-^5fc:i6©YlftXT— ~>*1 1 1 SB^l 
0 7 ^XittStf Ytt^lRFtcitJ^-rs Zfft:^[Rlfc^ft5-(J: 
SfcJ6<DZttXx-i?l 13i:, <:tlt,30«DXx-5^ 
10 9. 111. 11 30^l6*MfflI*r5Xx-e?» 
gPl 1 St^ffiASo 

[0 0 4 5] c:©*5i6iiP©x (Y) mm^mi. 

so a«?l*X (Y) «|Xt-5?1 0 9 (1 1 1) fcj;t)X 
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(Y) mysmmm-^'^^cticii^nvo ztt^i&r 

tt.' as 1 (0«ffi3 t itSt-5^lRl*iOT\ 1 ICA 

ttx-r-i>"l 1 3^Ztt75-lR]t^Ki^-ii-Seifcti:<tf). 
as 1 ©rtg|5t L P ^r-^to'lirS c t 

ffi 3 5mSISIItF«3ffl!loma©tfcMlc*Jfe^ P ^^te-a: 

Co 0 4 6] u-'^mii 0 1 i±/^;v;^u-if)fe*^5fe 

fSNd : YAGWifT*aBS. l^— Ifjfcjgl 0 1 tcffl 
t-'SCfcA^T^Sl/— ^f^:LT^ C(Dfi6x Nd : YVO 
4l^-^fs Nd : YLF^-^f■^f•:5f>t^7r'^7l^ 

[00 4 7] b-ifini^g 1 0 0 a? i 

0 7 t«g?nfcSfi 1 %Rra)feigtc<}; !9MH^-r5fcJ6 
fcBia7m^5l^-rali^ffl7feii 1 1 7t. ^'^i7t2^ 

fciS«Stl/cHr«7tffl©e-AX7"'J-;;^J 1 1 9i:;&« 
^So lf-i,X7''J-V:J?l 1 atm^FSlyyXl 05t 
0:>m\C^^-^ti-^y^^^~l 0 3:6««SnTt,-'5. 

tr-Ax:7'y>y^i i 9 a. wmmLom^^^mi. 

1 1 7j!pS«^UfenrM)l£iiSttlf-AXyU'y^' 1 1 9 
O'T -y 5 9- 1 0 3 RCf^Jtffl bvX 1 0 5 

u mm. 1 o-gjif^ s^-f ly 5 ^:&#t?«ffi 3 ^HiB^-r 

<fc ^ 1 t)mm^ 1 0 7 fc«g?ti/c«^a. cc-x: 

[p 0 4 8] b-ifiinxg«i 0 oa$c,fc^ tr-Ax 
yy-y^l 1 9. ^'V^D'i'^yi'S^-l 0 3Jic;ft^fe 

ffli/vxi 0 5 i:iiD7^±fcBaM$tirca#^? 1 2 

IStfi^tlU^Xl 2 S^ii^So ZltL 

•g-t?«®3*MBaL/cRra3t^osftf7ttt. mjtffluy 
Xio5. ^f-f^'n-f-y^s^-i 0 3. e-Axyy 

>y^f 1 1 9^^U imi^yXl 2 3'rig^SnT» 

2 1 T*fg#?tU ailx-^ft&S. 
CO 0 4 9] u-'ftaiMmi 0 OtiS^fc. 

1 2 1 *^e.tt!^j$tifc:afi^7^-^*'!A:^j$nss^T'- 
^ffiaasi 2 5 b-^fiDisMi 0 o^#:;&tjsj-r 

S^#:$iJiIg|5 1 2 7 "e-^ 1 2 9 t^«^5„ M» 

mi 1 7t:-%^bfcBrM7t©*..«:&affiicoag3±}c 

^atLTXx-57M»ffl5l 1 5 3E)^ZWXx-5;^l 1 3 

mmm-r^ c i: t j; d . Rr«)fe©«^!b'»fi? i oa 



ffi3t-g-5<tafc-rSo i-^T. S^-r-^asaPl 2 
5{i::t-h7:t-AXn.--y htLTStg-r§o tfc. 

1 2 9ic3ie.ns, cntj:??. 

^ 1 2 9tcSfck:B#lfF7b^a^2nSo 
Co 0 5 0] ^^^^Wg|5 1 2 7 1{±. XT^-S^fiJfflias 1 
1 5*^C,Ot'-^. fl^-r-^^jaagiSl 2 5*^t>(7)Wi 

lIMWl 0 2. 1 7RtfXx— >"fij»g|5 

1 1 5:£MfflI-rSiltfi:<fct). b-1fiDX««l 0 0^ 

[005 1] i^fc. ±iSLfcP-ifinx73ffiSt>'i'— If 
iDX^S 1 0 0/Sr^Bt,^fc. *«ffim^fc«5%3tS?<r) 

ttmST-aBSo Sfc. 01 6 a. 01 st^^tifOx 

20 -'^©¥ffi0T'fe5o Sfc. SI 7a. ^1 6{C^2n;fe 

[0 0 5 2] 01 5-01 7^#Bg-rat. •}'x/N2 
h (JWT roFj fcV^-p) 1 9^*bT(.^So 

^icfei-'T. '>x/N2a. ■y-7ri'7*^5.*5»Si 

T-$Sn^¥»#:»l 7 at. nS^»#:)il 7 a±fc 

30 mm-^titcmz mmm^mi^mv^^ pm^mi^n 1 7 

bt^M^Tt^So n^ifi^frjll 7 a;&tfpM*»ft 
Ml 7 ba. ma"G aN^HOIII-VMb^iji* 

tn§Ji}i^tt«l 7 aSct>*pS^»ftjil 7 bfcfeftS 

^^^asA-i-rii A^ffliit^fesot?. mm 1 ©p?a 5 

0 n m~ 2 0 0 /i m. if S L < a 5 0 m~ 1 5 0 m 
T'$So ^fc. nS*«#»l 7 nRX^pmmmi 
7b©)P^a. ^n^nmtfS/im. l/tmT'^S. 
coos 3] ftc. 016*#M'r§fc. '>x/N2ta 

40 W»f^gvi'v5!&^$*TTi.^S. m^&'y-fys 
a. •>xM2^^y:/«{i:^»frsfej&tjss2ti«. 
*iy©g-«T'a. •^Bf^^^'Ti/saoF i 9©ft#:;^ 

iRjlcTO^TalRlt. OF 1 9lc^[t;g;^|^fcfc^ti;ftl 
aiSlSS^tlTI/^So tfc. tu^Lfc<);9t. OF 1 9 

a. ■y-7r^'7A^^*5affii ©»i,TOt?Bofc:&iRi. 

a. -^yr-^Ttc^ti^mmKD (i 1 2 o) m (a 
tS) sevHi (1 1 00) B (Mffi) Jc»oft:^riRifi:s« 

50 ^tlTV^So Sl.^t||i|D-&a«»rPS^'f V5© 



(8) 



#g^20 03-3 38 6 36 



13 

[0054101 SRXfm 1 9li. *5IS£Jg,«k:«5^ 
5o 02 0-02 4 {±. ^«?<DiSi?^fc&*Si 

[0 0 5 5] 01 S^Bg-rSfc. $-r. >^7xM2©» 
ffi Cr^t)-^. a«l ©M2 1) tx^^T.-'^V F-r- 
y 2 3^155 (S K 02 0) „ X:^^X/^>F-r-y2 

fc43t,^T. '>x/N2^^-y:7'*clc^)-Si$-&5fc:i&ltffll,^ io 

[0 0 5 6] 'm-'X. 01 eic^^nfc^Kf^S^^'v 

5fC?{}oT'^7x>'N2©pS^^*Jil 7 bfi!l©ffl*X-y 
^^/^?^5Cttcj:»3. ^lOSZS^Jgfig'TS (S 
3. 02 1) „ !l(Ot^. mi<om2 5<om-i£i)\ pS 
1 7 b6>S nM^MSf^ii 1 7 a©»*Stf©gg 
t£tii:?>ii^Kmi(0m2 sm^T^o Sf^:^ S2 5 
©•H*. pMifMISf*:]il 7b*Wa©}^-^t*SJ; 
'?lCj^&-r^tt'k\c. 'j7x/N2*^>y7^fc5^fltL/j: 
^«DP 2 5 Oj£ffi±lc nM*3ISf*:ii 1 7 a tm^Wtcg^ 20 

[0 0 5 7] Mt^^T. ■ejS^^^'^l'^'SfcJ'p^or'i'x/N 
2 ®m 1 ® » 2 5 (DlSffi^X -y ^ > ^'"-r S C i j; t> . 
||2€)»2 7:&Jg/!!c-rS (S5. 02 2) „ CKOt:*. 
^2<D«2 7A^S^10«3!c^-rSj;a{C. m2<0 

^2®?g2 7<Dj£ffitcSffil <0^ffi3*^-^ffl-rSo S 
fc. |g2©S2 7<?D)£ffi^. ¥fiA^Ojfffifc 

m 2 (DP 2 7 ^-if JtAWMfc LTS« 1 rtgp 
-^]y~fmmm-^ff. m2©^2 70)£ffi*m^ 
U— If Jfe7b'j£ElE43V^TmbTbSt,^»ffi 1 ©rt 

So 

[0 0 5 8] *43. x-y^:y^^'p5%ia±'>x>y Fx-v^ 

y^'RXfV^-fx.-y=f-i/ifif:^^f}\ 111 (DS2 5Rtf 

m2©»2 7*jefig'rssii:a^cn,^-fn^ffl(.^Tfej; 

V\ bx-y^v^-fc LTti0iJx.{f'J ^^SO^ 

©S^KJ;Sx-yg=-v^'7b^Sa„ Sfc. F^^x«y^v 40 
^fcUTWJx.tJS/Stt'l'^t^X-y^V^* (R I E) . 

atStt^'^vti-Ax-yg^;/^' (R I B) ^ ^tzy^V 
^m^m^^t. x-yg^V^fJ^^l.lcfeMK.lf^WK^i' 
[0 0 5 9] i^V^T. «>x/n2©K®1 ©rt^lc. HZ 

<om2 7\c^^xmmmm:i^m^ (S7, 02 

3) o fftto-^x ®2©S2 70ffiffi^W1f3tAI*B 
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[0 06 0] tic-es 01 9^±^ 01 4ica^^nfcu- 

1f AniSB I 0 0 :&fflt,^T'> x-'N 2 fc«»fe^ffi«E^Jg 

?fM{tfcV^T. 'i'x/N2tt. b-lfidDXSBl 0 0©S 
I 0 7 x/N 2 © p m^MWm 1 7 b «©HA^ 

mtrnx^i^xi 0 5 t^ifi^-rsAdttiag^nSo 1-:^ 
[0 0 6 1] 01 4SC/01 9mffg•r5t^ s-r. s 

■rSo C©WSSmt-S-:5t/^T. gffilE?>fLTMH^«: 

■ifjtjil 0 l^MS-rS (S 1 0 1) o C©^- 
<f)tLtt«>x/N2©pSi|^^l 7b»&SiSW$n 

?>cttiSiZtcib. 'i7xM2©KDS2 itM^tSjiJfett 

©Mii§*'e{3-^nTv^s#&-e^oTfc. u-ifitai 

©iiStf * S J: d * <i i: v\ 

[0 0 6 2] ^V^T. SS1©;P$. RtFiSS* 
§;&^/SLT. ■^x7N2©Zffl^lB]©^Sl«^?*^t-S 

(S 1 0 3) o cfil±. affii©SM3*^e>m^^»rt 
ffiiJ©BTa©&Bt ^— >f7feL ©*)fe;SP>&-a-*3^5fci6 
fC^ S«1©*[S3 (ir^tJ-iSs B2©?i2 7©JSM) 

©Z||fi;5-|&I©#i)lS-t?S5„ c:©^i&«t4^ftSiMg|5l 
2 7tcA^J*nS„ 

[0 0 6 3] •>x/N2;£l/— ffSDX^Sl 0 0©fiS^ 
1 0 7{C'>x/N2©pS¥^#;il 7 bilj©®*m)^ffl 

i^vxi 0 5fflijt?tiR]-r5j;^«g@'r5<, ^LT. wm 
rnm^i 1 7*^c,Br:^)K:^^^^^t'^7x/^2©«ffi^ 
MBB-rs (s 1 0 5) , sgMsnfOx-'NZ©^^:^ 

IJS^2©S2 7©J£®^#«?1 2 1 fcJ:D«^-r 

s, 2 ifcj;fja#snfe»giT-;5'a«® 
li^ximy'-^mmi 2 5 a. mmmymi 1 7©nr 

U^tDM^if^ x/N 2 ©m 2 ©« 2 7 ©iSfflfcfegTS 
j:^«;^^x-^^%?*W-rs (S10 7) o 
[0 0 6 4] C©feiSr-^ttX-r-i;'»a51 1 5lc 

Mp.n5o xx-yftijwepi 1 5 a. c<Dm}U.'f~^^ 

SlcLTZlftX-r-v?! 1 3 ^ ZM:a-inI©^i!l^€-S 

(s 1 0 9) „ cHicx^.jmmytm i 7<owm^ 

©i;¥*^>> x/N 2 ©^ 2 ©S 2 7 ©iffiKfi«-rSo' =§; 

mm^-i^mm^i 2 5aa®x-^ficso-t,>T. 

^2©S2 7:&^^y•^7x/^2aS©ffi;*:®^x-^^^S 

X'E-^l 2 9im^n. CnfcAt)^:-^'! 2 9tM 
2©S2 7#5fi©JfckBfig«««a^*n5o 
[0065] 1 2 7 fcti^ftX'r :/S 1 O 

3T'^^nfci^ilMx-^'*^A:^32nT:fe!3s C©^ 
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iPlm^ 115 ac©©WMx-^?ta-:5t^Tv l^if 

Tfe L (^m^^ p 1 3 fci^msmm 

«t:&«j;'5tc. ZtftX7^-i?l 1 3fc<kf3'^x/N2^ 

zmfsmc^m-^^^ (s 1 1 o » 

[0066] ^V^Tv WifT^M 1 0 1 j&^e. l^1f)K L 

^^SnSo Sfc. CCDi:^. »f)fcL%||2(iDp2 10 
7 ©fflj; t) t,$lEV^®HfcA«LT. ^2 <D»2 7 ©S^ 
*lRjt3?M^5;^lRl03S«««7©itB;&. ^2©»2 7 • 

P2 7j£ffifc*3tt5l^-1f)feL©SST*, ^20J»2 7 
Og. RU"SSlrtg|5©*)t^P©fiS*SV^fcp^-r 

[0 0 6 7]^V^T^ m2<D»2 7{C}ftd<fca{i:X|ftX 

0 9-^Y«&x-r-v^i 1 nmmz'^x. mz 
(omzi fcfa d J; d \cimmi 7 ^^^jg^e-r ^ 20 

5t,Him2©»2 7©S#;&|^}caMLT}gfi!cU -ejlW 

•rs (s 1 1 3) o 

[0 0 6 8] clCTN IftfSl 8^#M-rSi:. ^ 

mc^-DX'^3Lf\2^mL<0'i'y/\zmit:^ ess. 

02 4) o -r^tJ-S, x:t^X/^VKx-y2 S^'^xM 
2 ©KM 2 1 iiTOSTSriRffcrnf-rcttJ;!?, S^i 

na¥»fi:ii 1 7 aRCf pS4^¥#^ 1 7 b iKOmic p 
ng-&%^fr«l^^:5f-i':t- F3 1 *^}i^^SnS„ 
[0 0 6 9] lJ(±iiB^Lft<3:^lc. *^)!fSJgMt-^§^ 

7K*-?©Sjg*sst>*^7fe^v^- FTii. t-r. -^x 
/N2 1 pSiji^ftcM 1 7 b 1 fcs-rs^ 1 (om 

2 5JSct>*m2©)t2 7*^je^?tlSCt{C<fc-3T. 

ii^frii 1 7 astf pM^^frii 1 7 hhmmomm 

SfciOXSnSo ^LT. '^'x/N2©aKHOF«3a5ti:^ 
P'2 3Sif©JttgW/h5**T'iiJoT«JBf$nSo Lfc 

M^^^ji 1 7 a-^ps^ii^sftji 1 7 bt^E<Dmmmm 

mt^t;3Lf\ 2 ^i«i»S3!)0^*<fe < ^K-r S c *^ 

[0 0 7 0] Sfc. ^7x/^;&^W'rS^^^:7^-F:5^V 

fc^^)©;*:A^*^ D «:gfe?tIiSj!)^/g^ t ^ 5 , :^a©S«jb^ 
ig®t«:So CtifcStfU *««JB«lfc#S^7t«?© so 



[0 0 7 1 ] a/fc. ^mmmm\c%:^wm'?<DWtfs 

2©P2 7©|£ffi*U-1fJfeA*f®fcLTV^S, C©!! 

«> x/N 2 ±fc«g5nfc«»f^s^i' > 5 ^^mcmm 

-rSCt^^T-^Sttfet. W-'fJfcL*^2©»2 7 

[0 0 7 2] Sfe. *»ssm^t^5i^)^«?©»jt^ 

ffitfeU^Ttis '>x>'N2t|g2©?S2 7;&Jgfi!(;-rS^ 

t^is ^2©it2 7©)Sffi^^a*-'ojtffifcjgj3e-rsc^ 

*W$Ll\ iimt<fc-3T. M2©)»2 7©fiia%b- 
■f'JfeAifffit^S^t. ^2©S2 7©JSffifcfe^t5 
!f 3^ L ©m^E5 <- il t A^T* S „ 

[0 0 7 3] Sfc. *f|j!imit^s^)t^?©S!ig^ 

S{i::}3t/^Ta. 3{Kffi^7^Jgfi)c-rs^{C, S2©|i2 
7 ©S¥;^|RI 1 3S«1-S;^|Rl©?![MtKl|? 7 ©*§;&. ^ 2 
©S2 7©^K:&|^©lsJ;!3feiR<Jgfi!cLTt>S, <1© 
S!ig:&Sk:J:n{f^ U-1f3eL:&||2©}S2 7©i|@J; 5 
feiKt^tBHfcAftfr S <: t -^^^glg! 7 %JgfigT'€ S © 

■px ^2©?i2 7(omm(Onm.^wm\ 7 a^^^-if 

3t L t J: 5 Sft'T S c i: ^I5&±-^? 5 „ 
[0074] 1 ©»M2 1 ^l^^^JJm 

tLT^Jte^iSPfcb-^fJtL^MS^'rSCfcfcj:?). St 
Kffi^ 7 ;&Jgfi!4LT <:©<}; 5 IC-rtWJx ^2© 
S 2 7 ©;Sffi*m^&H©a*tcd; I? l^— ifJtL ©A*f 
fcig^^t^S^-e^oTfc. 'j7x>'s2©a«l©rtg|5Jc 

« 1 ©ffia^a*>ojf ffiTS s d jbws L jti? 

6g$^v^|g2©g2 7©)£ffi<kt)fc. SSl©Ka2l© 

-^2 3^'>xM2©pS¥«i*:^l 7 bM©®tlS5 

[0 0 7 5] 02 5tt. 2^lfi?g^fcJ;;5^)feS?©S 
ji:^S©SJgM^SiH^-r5fcJ6©®fMia'r-a&5„ 

mxH±. sffil ©rtgptc:j3v^T. as 1 ©jp$:;^[Rifc^ 
ic©3tM^^7;&jgfig'rso ^Mmm^c(D^^im 

1 1 1 (>^x/N^z«i^iRi{c;^«;) txx^ys 1 
1 3 (^ffi«©}g^ t^3gStaiSclHlff9t<J;t\ 
s fc. "f? x/^;£ z «i:^iRiK^S8-r s © i;3tKffiJi©?gfi!c 



(10) 



#gi2 003-3 386 36 



17 

[0076] ^mS&miOi. V fc^Kffi^ 7 %Jgfig-rS C 

xm-^xmnsit^ctnix^^, s^t, s^iojps 

7^l^iIfc3tHSI«57t<fc5i^7-yi'*figft?'a-*ilf. 

So 

[0 0 7 7] 02 6tt. 2p:||Sim^fca:S^3W?©i! 

a. ( 1 ) mom-^ tm^ i ©*ffi 3 j; !5 1.)^ < 

tLTI/^«Ct. RO' (2) ^l©i»2 5SCf^2©?»2 
7©j:'5fc2gpgT-a^<. IgPgTJg^^nTt^Sei 
f^SSo ^/x/N2t}g^$nS)ittC<D.J;^*}g1^T- 

COO 7 8] 02 immz 8ii. :mmm\c^?,^ 
-e^So :mmmxii. mMfthx^mnfn^'f^ 

[0 0 7 9] m2 7^mm.t?,t. *^jgMtfflv^5n 

5^7x/N2at3:. +}-7r-YZA^?,;g;5g^ i fc^ g;^ 1 

o«® 3 ±icmm-s ntcm i s n m 

814)13 3 b its gttJi3 3 b±fc^$tLfc^2^« 

pmm^m3 3 c t;&«^TV>So 
*a5^^!llz:l3t,^T. nm^mii^m3 3 a. gttff 3 3 

b, mpm^mi^m3 3 c a. mffc aN%H©ii 

TV^§o «Jg0!|K:fett5'>xM2 al±^ 015 

1 6 {<:^2nfc±ffiSim«©'>x/N2 fcH:^© 

CO 0 8 0] *l©gMtJ:5^^<0iSii^T'l±. 
S-fx '>x/N2 a ©KB 2 1 tcx^^X/^yKr— :/2 3 
^KiS. ^LTs ^7xM2a©paii^ft«3 3cffl!I® 
ffl{cS2 8*}gflg-rSo C(Dt^. S2 8*. «J»r?S 
^-rvS (Slew fc?&oTs pS^|i»f4cl33c 

2 8^. affilOaffi3J;0feg?<Jg^LT(.^5o s 
clCtS. »2 8 0i[I^fcJ;^T. jgtt^J3bfc 

«affi3 5 jtj^j^j^^nso' «W3 s^rii^s 3 b 
^s^t?2BJg^^n^ c©2ffiast,^fcSiRif«, 

[00 8 1] ^l^T. »2 8©(gffi^lx-+fJ^A*fffit 
«E7§}gfigb*jb^?,g2 8©*#;&|&Ifc»-3T^)fc^P 
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VFx-:/2 3^#{J-r<;fctCJ;t)x >i7x/N2a^^!J»f 
. 3 7^#So 

[0 0 8 2] 2^SJg^JfcJ;t)f#e,n5i|5»ft:l^if^ 
3 7 a. ^x/N 2 p^^|^#^ 3 3 c *^ c,^;^ 1 
•rSSfc<fcoT. nS^ii*»ji3 3a. }gttM3 3b. 

Rif pM^mm 3 3c *^mMojg«Tfs t 1 1 1. 
fc. iy--^^m(orcit>o)±mm 3 5 3 3 b t 

fig^nSo ^LT. 'i7x/N2<oaigl (Drtgi5t^)^?®i 
iRtl.^-5ii*{c<i: !5Jg^^n5B5[K®^7 T'fcoTJg^ 

WSf^nSo hfc»-oX. nM^mjl3 3a. ffittJI 
3 3 b. Bitf pM^^ftM3 3 c:&H(Da«:^5i;&*-r 
5 X7N 2 j: < SnTJgfiRStlfc 

^|£#^l^-^f 3 7 :&S«-r 5 C 5„ 
[0 0 8 3] *^B§O^m«Rtfajg0tIlcot,^ 

tPS^2n*V-'<: t til,'' 9 

[0 0 8 4] ±ie*SSJgffiRT;SJgMT'{4, SfiK©*JiPt 

tf S i C. Si. ZnO. A 1 N. RrfG a A s:S:H^ 

D-n§a^^fril©«i^tbTG aN^ffll^Tt^STb^s C 
tlKii-fcfc. Mx.a*G aAlAs. GaAlAsP. G 
aA 1 I nP*if©III-VMt^;&Jll,^SCt*^T- 

[0 0 8 5] Sfcs III-VMt^OftA^Tfcm^ 
1 nxA IyG ai-x-Y N (X^O. Y^O. X + Y^ 
1) T«?n§<J;'5%Mt:tl.^III-VMfc-a-« (Ga 

G a A s & ^li:it'^t»BI1t*VjN$ < , 1 

ft^^xM^^^fS^tlis *SIWtj;§^J^^^cr)a 
[0 0 8 6] $fc. ±f2«»m^tf^Mtfe(tsgc 

7 i^ME < i A dimwi L 

X-^ii\.\ 02 9 (a) ~ (c) a. ifSLfc^m^ 
{c:fetj-5'j7x/N 2 ©a« 1 OKS2 1 ^WS-r«7aS(0 

-fisj^^-rsT^s. s-r. 02 9 (a) testis J: 

^fc. •>x/N2<DpSi|i»ft:Jll 7 bffllI©ffit7^-:^2 
4^ft!iSo ^LT. 02 9 (b) tt^StxSidfc, S 

« 1 ©«ffi2 1 «w«LT. sfiz 1 (om-^-^'h^ < -r 

So ^(Oh^. •>x>'N2{3:Sffl2 lffl!Ij!>«±l&[l,^Tfe»5. 
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02 9 (b) l±ftKttt±TjM©0fc&-DTt.^:5o 

T. .02 9 (c) fc^$nS<}:-5{C. ■r-:/2 4*^* 

U affil€>aa2 Ucx4^X/^VF-r-y2 3^15 

So 

[0 0 8 7] mm^ttmim^^m'^icii. mm^mm^ 
[0 0 8 8] sfcs ±tmmmmRxfmmmrHi. 

U ®2^m^*pMtLTV^5A\ ^iSW^A^pSJ 

2 n MT-So T <fc t,\ 

[0 0 8 9] Sfc. ±fB*ffim^T-tt. -^ife^^MS*": 

[0090] 

m(Dm&&m. Rxfmii^u-^i'm 

So Ltcti^-DX. :^mMim^^^m'?(owmj^m. % 

[0ffi©«#*l!iK] 



So 



7T'aBSo 

[118] **sgj^M-efflt/^su— tf*[ix}^©i^i is 

[010] 2^SiiJgffiT'Mv^SU-ifADX;^©^3i 
Sk::fetJS»fiz©»fffi0Ta&So 

[011] **SS}gMTfflt,>S ^-^f SdX^(DM 4 X 
SS«© ®fffi0T'25 S „ 

[012] ^^ffim^T-fflt^^SU-lf'AoX^Stj;!?-^ 
if^tlfcS/'J n V^x/NO-gpiC^S^tSifffiC^^^a 
L/c:0-{?2BSo 

[013] **SS}gMTffll/-^Slx-1fADX^afc*3{tS 

^^■ri''^7t?3&So 

[014] b-ifilDX^S<Oi{SS«^0T'aBSo 

[015] **ssjeffifc^s^3tt«?©ia5i^}cfev^ 

[01 6] 01 5le^5tlfc^7x/NOiFa0-e^5„ 
[01 7] 01 Bic^^ntc^sL/sOVl-nWMRXJP/l 

i-viiBfffl*^'rifc*:0T'SSo 
[018] *«Siii3g,iefc«s^3K«?©S!Ji:^;&SiBB 

[01 9] 01 4K^$nfcU— »fiOX««*Mt/^T>> 

x7Nt^»f^ts«;&jgfig-rs:^*^-r7D-^-:i'- 
F-esSo 

[02 0] ^»f©iSi^;&gigB-rsfci&©'>x/N 
©»fa0"e35So 

[02 1] ^)t^?©Sjg*SmH^fSfcJ6®'i'x/N 



l^-lf JpX^©B«©¥ffl0-^2B So 

0 3 K^-rmmiv-imicm^tcwmm'^ 



m 3 icmtmmov-mi'im-Dtd 

So 

[06] «W2tl/£:afi©¥ffi0T'3BSo 

[07] *SISfi}g®T'ffli,^Si^tftax;&Slc:fettsm 



[02 2] m^?©«ii^s%^Bj-rsfc46©';7xM 
©ifffi0t?25So 

[02 3] %7fe«?©S!3i^^SiWrs;feie>©'>x/A 

©©fffi0T?a&So 

[02 4] ^^m^com&m^mm-r^tctbo^oi^^ 



[02 5] *SI«S}gffilcj:S^31^0«!iS?5S©^Jg, 
MSIfiK-rSfcJ&O»fffl0t?^5o 

[02 6] :mmmicii^^m^^(Dm^ymmi(o 
mBm^wmT^rctt><Dwmmx^ s „ 

[02 7] ^mmm\cj;:^^yiMi'(Dm^:m<DW(o 
^BM^wmt^tzi6<Dmmmx^ s „ 

[02 8] ^mmmic^z^ym^<Dmmmi(Dm(o 
&mm^mmt?>t!itbiDwmmx^^o 

[02 9] ^7x/N©Sfi®«ffi;&w^-rs^S©-M^ 

^•r0-^$So 

2. 2a-'j7a:yv 3-«S. 5-WWi¥M 
v4y. 7-?StKffi«, 8-«»^«(«. g-^r^-y 

mm. 1 i-s/ynyjx/v i3-MiiiMaffi«s 



(12) 
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1 7 a-nm^mi^m. i ? b-prnmi^m. 1 9- 

:tyxVx->'3 V^^-y hs 2 1 -ate. 2 3 -X4=- 
X/^VFx-:/. 2 4 - x-y. 2 5 "^l(iDS. 2 7 

-nmmm. ssb-jgm 3 3c-pa^ii»f*: 

m. 3 5-«m 3 7-^|i^W1f«?, 10 0- 



T^gSiM. 1 0 105- 
*7tffll/>'X; 1 0 7-i5g^. 1 0 9-XlfiX-?- 

1 -1 1 -YttXT^-v'. 1 1 S-ZttXT^-v*, 1 
1 5-Xx-i^Mt»g|5> 1 1 7-a«ffl3fcMv 119- 

e-Axyy 1 2 i-a^»?. 1 2 s-^^b 
>x. izs-mmy'—^mm^. i2 7-^a» 



U-^mMm. I0l-b-1fm 10 2-V— !f ^ 129 -^-^. L-U-if)K, P-^Jfe^o 




a' 

^ 200 - 



Z 100 - 
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